Abstract We present candidate members of the Pal 5, GD-1, Cetus Polar, and Orphan tidal stellar streams found in LAMOST DR3, SDSS DR9 and APOGEE catalogs. In LAMOST DR3, we find 20, 4, 24 high confidence candidates of tidal streams GD-1, Cetus Polar and Orphan respectively. We also list from the SDSS DR9 spectroscopic catalog 59, 118, 10 high confidence candidates of tidal streams Cetus Polar, Orphan and Pal 5, respectively. Furthermore, we find 7 high confidence candidates of the Pal 5 tidal stream in APOGEE data. Compared with SDSS, the new candidates from LAMOST DR3 are brighter, so that together, more of the color-magnitude diagram, including the giant branch can be explored.
suggested that an inner halo may have come from a large early collapse, but the outer halo independently evolved over a much longer period of time, and during this time, many small stellar systems merged into the halo, and were tidally disrupted by the Galaxy's potential. The standard ΛCDM cosmological model also favors big galaxies growing from the merger of smaller units.
The largest and most famous Milky Way halo stellar stream is that associated with the Sagittarius dwarf galaxy (Ibata et al., 1994) , mapped out in 2MASS giants by Majewski et al. (2003) . Much progress in stream detection occurred with the release of the SDSS dataset (York et al., 2000) . Four streams: GD-1, Orphan, Cetus Polar Stream (CPS), and the Pal 5 tidal stream were discovered using SDSS data. GD-1 is a 63
• narrow stream, found by Grillmair & Dionatos (2006) . Later, Willett et al. (2009) fit an orbit. Yanny et al. (2009a) noticed that there is a tidal stream near the Sgr trailing tidal tail which was named the CPS by Newberg et al. (2009) . Its parameters were given by Yam et al. (2013) using SDSS DR8. The
Orphan stream was found by Grillmair & Dionatos (2006) and Belokurov et al. (2006) , but its orbital parameters were not clear until Newberg et al. (2010) gave them using SDSS DR 7. Pal 5 is a globular cluster which is being disrupted. Its long tail was firstly discovered by Odenkirchen et al. (2001) , which spans more than 23
• (Carlberg et al., 2012) , and is the most obvious stream associated with a Galactic globular cluster.
Having an accurate census of stream members, as well as their spectroscopic properties (including radial velocity, and parameters which may be used to estimate absolute magnitude -and thus distance) is crucial to determining accurate orbits of the streams. In turn, having an accurate orbit for a set of streams allows us to probe the (dark matter dominated) gravitational potential at a variety of distances and directions throughout the Milky Way's halo (Newberg et al., 2010) .
A major unresolved question in Galactic dynamics is understanding in detail the shape (i.e. oblate, prolate, spherical, lumpy, changing-with-radius?) and extent (total mass and drop-off with radius) of our Galaxy's dark matter potential and the dark halo's shape and size. For instance, is the halo triaxial in nature as suggested by Law, Majewski and Johnston (2009) ? Having extensive, accurate stellar stream membership information, along with radial velocity and photometric parallax information for member stars can help resolve this important question. This work adds to our list of known stream members, with spectroscopic velocity and other stellar parameters for four halo streams.
The Large Sky Area Multi-Object Fiber Spectroscopic Telescope (LAMOST, also called the Guo Shou
Jing Telescope) (Cui et al., 2012; Wang et al., 1996; Su & Cui, 2004 ) is a special reflecting Schmidt telescope with field of view (FOV) 5
• and effective aperture 3.6m -4.9 m. There are 4,000 fibers on its focal plane and they can record 4,000 spectra at once. Its wavelength coverage is 365 nm -900 nm with R ∼ 
CANDIDATES OF STREAMS
We search for stream members, primarily giants (0 < log g < 3.5), in the LAMOST DR3, SDSS DR9 APOGEE spectral databases. As is common in the literature, magnitudes with subscript 0 indicate they have been corrected by the extinction given by Schlegel et al. (1998) , (not the more recent Schlafly & Finkbeiner (2011) -the differences are tiny at these higher Galactic |b|). All g and r band magnitudes in this paper are from SDSS DR9. Because the [Fe/H] values estimated by the standard LAMOST processing pipeline (Wu et al., 2014) have a lower limit of −2.4, there is no star with quoted [Fe/H] less than −2.4 in LAMOST DR3. For SDSS stars with spectra, Newberg et al. (2009) found the quoted FEHWBG (Wilhelm et al., 1999) (WBG) parameter is a better measure of metallicity than FEHADOP for blue BHBs, so we use WBG metallicity for stars with (g − r) 0 < 0.2 and FEHADOP (adopted) metallicity for stars with (g − r) 0 > 0.2
. For a star observed many times, we only retain the spectrum with the highest Signal-to-noise ratio (SNR) in the g and r bands for LAMOST spectra, and that with the highest SNR for SDSS and APOGEE. We convert radial velocities to the Galactic standard of rest velocities (V gsr ) using the formula V gsr = RV + 10.1 cos b cos l + 224 cos b sin l + 6.7 sin b, where RV is the heliocentric radial velocity in km s −1 , while (l, b) are the Galactic coordinates of the star.
For each of the four streams accessible with LAMOST or SDSS or APOGEE spectroscopy, and which have SDSS g & r-band photometry, we search in the up to seven-dimensional space of: 1,2) (l,b) position along the orbit; 3) distance (determined by photometric parallax using the cataloged star's color, magnitude and spectral type (giant or dwarf) depending on surface gravity); 5) velocity and (lack of measureable) 6,7)
proper motion to select candidates and give confidence estimates of candidates' membership in a given stream. We give each candidate a number (1, 2 or 3) to describe our confidence in stream membership, with a higher number indicating lower confidence.
Candidates of the GD-1 Stream
The study of Willett et al. (2009) has given all the GD-1 stream candidates present in SDSS data, so here we only search for GD-1 candidates in LAMOST DR3, using the same method as Willett et al. (2009) . All giant candidates match the following criteria:
1) The GD-1 positional locus is δ = −864.5161 + 13.22518α − 0.06325544α 2 + 0.0001009792α
Candidates should be within δ ± 1 • .
2) There are 7 set (regions) of stars close in position and velocity listed in Willett et al. (2009 Gao et al. (2015) , LAMOST overestimates metallicities for the most metal-poor stars, and their variance is larger than metal-richer stars.
The metallicity distribution of GD-1 member candidates from SDSS DR7, shown in Fig. 5 in Willett et al. (2009) , is also broad. Thus, although these stars span broad metallicity range, we still consider them candidate members of the GD-1 stream.
The red polygon in Fig. 2 shows the area where the high confidence candidates rest. Their colormagnitude diagram(CMD, hereafter) is shown in Fig. 3 . We estimate their absolute magnitudes as they are giants similar to metal poor giants in the globular cluster M92, using the M92 isochrone and then remove candidate stars with implied distances far from the GD-1 stream distance. This leaves us with 20 high confidence candidates. Magnitudes of the brightest five stars, which we believe are GD-1 members, are not reliable because SDSS CCD saturates around r ∼ 14.5. For a stream, brighter members are fewer, so if these five bright stars is really belong to GD-1 stream, they will greatly help us to understand the stream.
One star in Region 1 has no SDSS photometry, but we still retain it, because there are only two candidates in Region 1, if it is really a GD-1 member, it would be valuable to study this Region.
The confidence level of each candidate is given based on its position on Fig. 2 and Fig. 3 . Let Dv i denote the difference between V gsr of the ith candidate and the trendline at its longitude, and σ 2 1 = i∈φ Dv 2 i /(n− 1), where φ = {i||Dv i | < 3σ 1 } and n is the number of the elements in φ; Let Dc i denote the difference between (g − r) 0 of the ith candidate and the M92 isochrone at its g corr , and σ 2 2 = i∈ψ Dc 2 i /(m − 1), where ψ = {i||Dc i | < 3σ 2 } and m is the number of the elements in φ. Then we calculate the f i for the ith candidate by the formula:
, then the confidence level of the ith candidate is set to be 1; if 2 < f i ≤ 10, then the confidence level is set to be 2; if f i > 10, then the confidence level is set to be 3.
We searched for GD-1 candidates in APOGEE spectral data, but found none.
Candidates of the Cetus Polar Stream
We select CPS candidates by the method given by Yam et al. (2013) . All giant candidates should match the following criteria:
1) Metallicities should be in [−2.5, −1.5];
2) Distances to the Galactic great circle l = 143
• should be less than 15
• ;
3) We find that the the stream velocity formula
by Yam et al. (2013) has a typographical error, and the correct formula is V gsr = −41.67
2 ), and we use this. We select candidates within V sgr ± 20 km s Additionally, we search for additional CPS candidates within SDSS DR9 by the same criteria as the above except the metallicity is restricted to [−2.5, −2]. Here obtain 59 candidates, including 21 BHBs. Fig.   5 shows the CMD of stars in CPS area. The red diamonds in the area enclosed by red and blue lines are the high confidence candidates. While many of these objects were already shown in Yam et al. (2013) , there is, at red colors, a blue rectangle containing new candidates not searched in Yam et al. (2013) . Fig. 6 shows the distribution range in Galactic coordinates. The central line is l = 143
• , the two dotted lines are the bounds 10
• from the central line on the celestial sphere, and the crosses are the candidates in SDSS DR9.
From this figure we can see that the width of CPS spans ∼ 20
• , and almost all CPS candidates rest in
• . CPS may extend beyond l = 160
• , this will need confirmation by another spectroscopic survey.
There is no APOGEE data available with corresponding photometric and proper motion data which overlaps CPS.
Because candidates of CPS from both SDSS DR9 and LAMOST DR3 are all within narrow strips in is the area where we select candidates of GD-1. The red circles are the high confidence candidates in LAMOST DR3.
Candidates of the Orphan Stream
We select the Orphan stream candidates by the method given by Newberg et al. (2010) . In their paper, they defined a new coordinate system (B Orphan , Λ Orphan ). Under this coordinate system, they defined a variable B corr to let the stream locus be at B corr = 0. Here, we also use these symbols with the same definitions.
All giant candidates should match the following criteria:
1) Metallicities should be within [−2.5, −1.6];
2) These candidates should be within −2
3) We denote T Orphan = −0.0445Λ LAMOST data, at least four star's photometry is unreliable.
In Fig. 8 , the metallicity distributions of Orphan stream candidates in SDSS and LAMOST data are There is no APOGEE star candidate in the Orphan stream.
We use similar formulas in Sec. 2.1 to calculate confidence levels. Let Dv i denote the difference between V gsr of the ith candidate and the trendline −0.0445Λ i /(n − 1), where φ = {i||Dv i | < 3σ 1 } and n is the number of the elements in φ; Let Dc i denote the difference between (g − r) 0 of the ith candidate and the M92 isochrone at its g corr , Then we calculate the f i for the ith candidate by the formula:
If f i ≤ 2, then the confidence level of the ith candidate is set to be 1; if 2 < f i ≤ 10, then the confidence level is set to be 2; if f i > 10, then the confidence level is set to be 3.
Pal 5 Tidal Stream
We select Pal 5 tidal stream candidates following the criteria from Kuzma et al. (2015) . Grillmair & Dionatos (2006) and the 11 centers of fields given in Table 1 by Kuzma et al. (2015) Kuzma et al. (2015) , the velocity gradient along the trace is 1.0 ± 0.1 km s
5) As mentioned by
so we use RV corr = RV − a to select candidates, where a is angular distance in degree to cluster center, We find no candidate in LAMOST data, but we find 8 red giants in APOGEE. We also find 5 RR Lyraes and 5 red giants in the SDSS DR9 spectra. 
CONCLUSION AND DISCUSSION
In this paper, we present 3 tables of high confidence candidate stellar members of the GD-1, CPS, Orphan Of note: (1) The brightest stars of GD-1 and Orphan streams, are all from LAMOST data, so the LAMOST data supplements the bright end of these streams.
(2) LAMOST and SDSS Orphan stream data show that there may be 2 or 3 metallicty peaks, and the most metal-poor peak rests at Λ Orphan < 0. Alternatively, there may be stars from other streams or coherent background or foreground halo structures in this direction on the sky. The Orphan stream may span a broader area for regions beyond Λ Orphan < −20
• and Λ Orphan > 10 • .
(3) The cataloged APOGEE metallicity for Pal 5 is around −1.2 which is significantly higher than that given by the globular cluster and SDSS literature which quote [Fe/H] ∼ −1.4. APOGEE spectra are obtained with a high resolution infrared spectrograph and measure elements besides Iron or Magnesium or Calcium to determine metallicity.
In the future, we plan to continue to probe the abundances of stream stars, including searches for gradients in abundance along the streams, in order to better understand the streams' formation and evolution histories.
Finally, we hope to use these additional candidate stream stars' velocity, metallicity and membership potential can then be used to constrain the potential significantly better than fitting any single stream by itself and help resolve remaining questions about the extent and shape of our dark matter halo Newberg et al. 
